The effect of elastolytic proteinase on quantitative nitroblue tetrazolium (NBT) dye reduction and chemotaxis of human neutrophil was examined. Elastolytic proteinase is derived from Aspergillus fumigatus 9409. NBT dye reduction was inhibited significantly by 133ug/ml of elastolytic proteinase (p<0.05). Chemotaxis was also inhibited significantly by 400ug/ml of the enzyme, compared to the control group (p<0.05). These findings suggest that elastolytic proteinase, depending on its concentration, acts as an inhibitory agent to both NBT dye reduction and chemotaxis activities in the human neutrophil. The findings that this enzyme suppressed neutrophil function in A. fumigatus infection is of importance, because it is now suspected that the enzyme has the potential to cause infection.
Introduction
Macrophages and neutrophils have been demonstrated to play a major role in the human defense mechanism against Aspergillus infection. Their numerical decrease and functional weakening are major risk factors for aspergillosis1,22). However, using the mice infection model, we argue that it is neutrophils and lymphocytes which have the most important functions in preventing Aspergillus infection3).
Mycotoxin and proteinase were reported to be the pathogenic factors of Aspergillus, however, there is no evidence of how they function during an infection. Murayama et al.4) reported the existence of a factor that inhibits the function of phagocytes in A, fumigatus culture fluid and they accounted for the inhibitory effect of mycotoxin on human neutrophil function. Recently, we purified and characterized the elastolytic proteinase from A. fumigatus 94095-8). This enzyme is known to have a similar action to neutrophilic elastase5). The present paper reports the effect on neutrophil of elastolytic proteinase from A. fumigatus 9409.
Materials and Methods
The original A. fumigatus 9409 was isolated directly from the sputum of an aspergillosis patient. The elastolytic proteinase was purified by the method of Hasegawa et al.6 ) and all examinations used this purified elastolytic proteinase. Human neutrophils were obtained from peripheral venous blood of healthy volunteer subjects.
The media and their suppliers used to separate neutrophils included: Mono-poly resolving medium (MPRM) from Dainippon Pharmaceutical Co., Ltd., Tokyo, Japan; Dulbecco's PBS (-) from Nissui Pharmaceutical Co., Ltd., Tokyo; Nitroblue tetrazolium (NBT) from Sigma Chemical, MO, USA; and Bacto Latex 0.81um from Difco Lab., MI, USA. The suppliers for chemotaxis assay were: ChemoTx-96TM from Neuro Probe Co., Ltd., MD, USA and N-formyl-Met-Leu-Phe (fMLP) from Peninsula Lab. Inc., CA, USA. Other tissue culture media were purchased from Nissui Pharmaceutical Co., Ltd..
(1) Neutrophil separation Twenty milliliters of human peripheral venous blood containing heparin, was laid on a 22ml MPRM that was placed in a sterilized 50ml Falcon #2070 sterilized centrifuge tube. The tube was centrifuged immediately at 400Xg for 30min at 20C. The neutrophil layer was then separated into a 15 ml Falcon #2096 sterilized tube and diluted with phosphate buffered saline not containing Ca or Mg (PBS-). The contents were washed once with PBS-at 300Xg for 10min at 4C. Two milliliters of 0.87% ammonium chloride was then added to the layer to lyse the remaining erythrocytes. This layer was left at room temperature for five min and was then again washed with PBS at 300Xg for 10min; MEM medium not containing phenolred (non-MEM) was added. The neutrophil suspension was prepared in the non-MEM in order to make it possible to adjust the cell count to 1X107/ml.
(2) NBT dye reduction test The test was performed according to the method of Baehner and Nathan's experiment9). We triplicated the test to calculate standard deviation. Fifteen milliliters Falcon #2096 sterilized tubes were used. Two hundred microliters of non-MEM containing 0.1% gelatin was placed in tubes (150ul of this medium was placed in a tube containing latex spherules). One hundred microliters of 10mM potassium cyanide and 400ul of 0.85% sodium chloride containing 0.1% NBT were added. Then, 50ul of dialyzed 0.81,um latex spherules, and 500ul of the suspension of neutrophils pretreated with 167ug/ml of purified elastolytic proteinase in 5% CO2 for 18hr at 37C were added to the tubes. After the mixtures had been incubated for 20min at 37C with agitation, 10 ml of 0.5M hydrochloric acid was added to terminate the reaction. The tubes were then centrifuged at 1000Xg for 15min at 4C, the supernatant was aspirated, and 2ml of pyridine was added to the visible purple granule residue. The mixture was extracted for 10min in a boiling water bath under a chemical hood, and the tubes were again centrifuged at 500Xg for 10min. Absorbance of the purple colored formazan from the reduced NBT was determined at 515nm against a pyridine blank.
Chemotactic effect Chemotaxis assay was performed using Boyden's method10) with slight modification. The neutrophil was suspended with flanks' solution to reach 5X 107/ml. Ten millimolar of acetate buffer (pH6.0) was used for the control group and Hanks' solution was used for the blank group. Following preparation of the enzyme with flanks' solution in various concentrations, it was separated into ChemoTx-96TM wells. The chemotactic factor (10nM fMLP) was dissolved in dimethylsulfoxide and was added to each well. A plate filter (5um pore size) with 20ul of neutrophil suspension on it was placed over each well. The prepared ChemoTx-96TM was incubated in 5% CO2 at 37C for 60min.
After removal of the plate filters, 10ul WST-1 [2-(4-iodophenyl)-3-(4-nitrophenyl)-5-(2,4-disulfophenyl)-2H-tetrazolium monosodium salt] (cell counting kitTM; Wako Pure Chemical Industries. Ltd., Osaka, Japan) was added to each well. These reactant plates were incubated in 5% CO2 at 37C for 60min. The absorbance of WST-1 was read at 415nm with a Microplate reader Model 3550 (BIO-RAD, CA, USA). All assays were conducted in quintuplicate for each concentration.
Results
(1) The effect of elastolytic proteinase on NBT reduction in human neutrophil The NBT dye reduction in human neutrophil was inhibited in response to the quantity of elastolytic proteinase (Fig. 1) . One hundred thirty three micrograms per milliliter of this enzyme inhibited approximately 30% of the reduction, indicating a significant suppression of formazan (p<0.05) in comparison to the control group. There was no difference in residual activities between 133g/ml elastolytic proteinase and that of 267ug/ml.
(2) The effect of elastolytic proteinase on chemotactic effect in human neutrophil The chemotactic effect in human neutrophil was also inhibited in response to the quantity of the elastolytic proteinase (Fig. 2) . The result showed 
Discussion
Elastolytic proteinase from A. fumigates 9409 is one of the serine proteinases and has a molecular weight of 32,0006,7). Its characterization and role in the body of neutrophilic elastase has been reported by many researchers11-15). We recentry purified the elastolytic proteinase from A, fumigatus 9409, and suggested that it induced tissue damage3).
In the present study, the quantitative NBT dye reduction as an indirect index for phagocytosis was examined, and the chemotactic effect of elastolytic proteinase on human neutrophil was studied. The NBT dye reduction test was intended to be an index of metabolic activity on accelerating phagocytosis and neutrophilic oxidation of neutrophil. The hexose cycle was activated by neutrophil phagocytosis, and led to the production of NADPH from NADP. Superoxide anion was reduced from an oxide in phagolysosome by NADPH oxidase that was produced from NADPH through transhydrogenase13). NBT was then reduced to a water insoluble blue colored formazan. This reaction (shown in Fig. 1 ) suggested that the production of superoxide anion from neutrophil was suppressed by elastolytic proteinase.
As a classical neutrophil function, the chemotactic effect is capable of demonstrating the functions of capturing, phagocytosis and disinfecting an object. The chemotactic effect by fMLP on human neutrophil pretreated with elastolytic proteinase was inhibited in this study dependent on the concentration of elastolytic proteinase. These results suggested that the suppression of human neutrophil function by the proteinase was in response to its quantity, and caused a lesion in neutrophil or its chemokine receptor. It is of importance that this enzyme suppressed neutrophil function in A. fumigatus infection.
Elastolytic proteinase6,7) and neutrophilic elastase 11,12) are similar in their molecular weight, biological properties, substance specificity, etc. Therefore, they are difficult to distinguish in a living body. However, the present study provided evidence that during Aspergillus infection, elastolytic proteinase was the suppressor for the defense in vivo, and that it inhibited the neutrophilic function.
The authors of this study earlier reported the effect of proteinase inhibitor on this enzyme in vitro. More recently the effect of the inhibitor in clinical cases has also been reported8,16). We believe that these findings have promising applications for future clinical cases.
